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è ÷ � ý{ü�þ � ÿ��7ý��zþ � è#è
é ê ú�ÿéý{ü�� � þ2ëF��� �����zûNý��zþ � � è$ì
; J í ��_32G.T.[êc%<6f|�F�2áW3.T4NDY25CXW3FªF�H5P1CXqEqö6"DGCXF�WNH J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J í{>
; J ; l�43F�W$W3.T4NDY25CXW3FªA3CEHY67jNjK.1672Y67WNP1. J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J í{9
; J K @BqX.1P[DY25F�W$W3.14NDG2GCEW3Fª67j3j`.f672G67W3PT. J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J í â

; J K J í ��_N.�rÇ.f6"HG4325.1rÇ.1W?DáF7� S Z]� J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J í â
; J K J ; l�6"DGDG.12�.U'K.1P[DYHÂ67W3A�DY_N.�r 67H5H�_3CX.T2Y6725Pa_�8¬A3.TDG.12GrÇCXW36"DYCEF�W J�J�J�J�J í â
; J K J K ��_N.�H5.1W3H5CEDGCE|�CEDh8 DYF¸í/î�ï J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J ;"=
; J K J Z i F7r j3qE.1rÇ.1W?Da6"2GCEDh8ªDGFÇ25.f67P[DYF�2�.xä�jK.T2GCXrÇ.1W?DGH J�J�J�J�J�J�J�J�J�J�J�J ; K

; J Z ��_3. ��I à&R 67W3F�r 67qn8s6"W3A?ð5W3.[máëoj3_?8�HGCXPTH J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J ; Z
; J > ��_3.1F72G.TDGCXP167qÁl�F7DGCE|"6"DGCXF�W3H·�zF�2áàÂ.T4NDY25CXW3F c H5P1CXqEqö6"DGCXF�W¬l�.f6"HG4325.1rÇ.1W?DYH J�J�J ; à

; J > J í l�F�A3.TqéwB2G.TA3CXP[DYCXF7W3H J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J ; à
; J > J ; ã rÇj3qECXPf6�DYCXF7W3H±F"�~ñ	4/67W?DG43r i F�252G.TPTDYCEF�W3H J�J�J�J�J�J�J�J�J�J�J�J�J�J K =
; J > J K ã rÇj/67P[DáF7�u-<4�DY4325.�l�.f67H5432G.Tr .TW?DYH*F�W$��_3.1F�2è8 J�J�J�J�J�J�J�J�J�J�J K í

ò H<��ú � û3ü��]þ��¼ø´þ<ü ê ú�ÿéý{ü�� � þ=ë¸��� �����zûNý��zþ � ��ûNý¸ó�ü�þ/ý{þ �õô ü����Kú�ü·H¢ýfû3ü{ý�ÿ�! ò#ò
K J í àÂ.T4NDY25CXW3F c HGPTCXqEqö6"DGCXF�Ws@ ä�j`.125CXrÇ.1W?DYH O .[�zF�2G.�wB2GF"DYF�W�R	2GCn|�.T2 I Da6"25DY4Nj J�J�J K1K

K J í J í i F7W�|7.1W?DYCEF�W/67qé0`.f6"r .[ä�j`.125CXrÇ.1W?DYH J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J K Z
K J í J ; ��_N."*32GH5Dèêhk�.TW3.12G6"DYCEF�W�HG4NjK.T2G0`.f67rÇH+ös÷]ø(67W3AIùsú­û J�J�J�J�J�J�J�J K Z
K J í J K ��_N.�25.f67P[DYF�2�.xä�jK.T2GCXrÇ.1W?DGHMü~ý:þ ÿ�� ��������ý$ý
	&67W3A��
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K J ; J í ��_N.¹�/� �"! é$#
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> J > I 43rÇr 67258Ç�zF�2á=]Ö =Ní Ù HGCEW b ; S Z]� Ù =]Ö = Z J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J > -@ Ì<Í1ÎPÏ]Ð$Ñ�Ò�ÓIÚ<0 ��� �1! éA#
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à J í àÂ.T4NDY25CXW3FÇ-<67P[DYF�2è8 J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J à í

à J í J í àÂ.14�DY2GCEW3FÇ-<67PTDGF�258¬wÆ_?8�HGCEP1H � .167Pa_ J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J à ;
à J ; O .[Da6 O .167r J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J à�K

à J ; J í O 67Pag�k�2GF743W3A J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J à�K
à J ; J ; wÆ_?8�HGCEP1HámáCEDG_�6¼0`.TDY6ª0`.f6"r J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J à Z

à J K I 43rÇr 67258 J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J à�àE 4¶	ÁúÃH�!Bú:� �zû��GFçûP�1ú$� @ E
9 J í Ì�Ü#Î$Í�Ò�Ð]Ý�Þ Ð$ßUÎIÔ TBHGCEW b ; S bh� I DYCXqEq i F7W3HGCEH5DY.TW?D*máCnDY_õí J�J�J�J�J�J�J�J�J�J�J�J à 9

9 J í J í à�L&@ l�.f67H5432G.Tr .TW?D J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J à�â
9 J í J ; O 2GF?6"A30/67W3A O .167r l�.167HG4N2G.1rÇ.1W?D J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J à
-
9 J í J K l�.f67H5432G.Tr .TW?DÂmáCnDY_ I .T|7.12G67qÁà&67252GF{m O 67W3A O .f6"r H J�J�J�J�J�J�J�J 9�í

9 J ; Ì�Ü#Î$Í�Ò�Ð]Ý�Þ Ð$ßUÎ»× T ��I à&R c HGP1CEqXqX6"DYCEF�W3H i F�W]*/25r .TA�0?8�l�CXW3C O F�F�à&@ J�J�J�J 9�;
9 J ; J í R	.1Pf6f8$6�D � .TH5D I F�4325P1. J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J 9�;
9 J ; J ; àÂ4<l ã V�WdDGF�V,H J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J 9 Z
9 J ; J K @~'K.1P[D&F7W �ÁOo� l�.f6"HG4325.1rÇ.1W?DYH J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J 9 à

9 J K Ì�Ü#Î$Í�Ò�Ð]Ý�Þ Ð$ßUÎ»Ú T I F�rÇ.TDG_3CXW3kd@ÆqEHG.MLÂWN.[ä�jK.TPTDG.1A J�J�J�J�J�J�J�J�J�J�J�J�J�J 9�9I Héÿ��;�(ûNü�� EKJL M 9<!Bú�ü���� ú � ý � ú$����ü��4!�ý��]þ � � I<è
^ J í ��_3.�à�LÂ@Êp�.TW3.125CXP I .[DY43j�67W3A$��_3.�à c V ^ @uä�j`.12GCEr .TW?D J�J�J�J�J�J�J�J�J â í
^ J ; O 25F?67A30/6"W3A O .f67rÝDYF S F�rÇ.1HèDa67g".�F�2oU ã wÆw J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J â >
^ J K I .[|�.12G67q�à&67252GF{m O 67W3A O .f6"r HoDGF S F�rÇ.1H5DY67g7. J�J�J�J�J�J�J�J�J�J�J�J�J�J�J â 9
^ J Z O .[Da6 O .f67rÇH�43H5CXW3k¼DY_N.���. � 6�DY2GF7W J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J â�â
^ J > àÂ.T4NDY25CXW3FÇ-<67P[DYF�2è8�6"D*-/.125r CEqö670 J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J - =

^ J > J í @B|7F�qX4�DYCXF7W¬DYF{mo6"2GA3HÂ6ªàÂ.14�DY2GCEW3Fª-<67PTDGF�258 J�J�J�J�J�J�J�J�J�J�J�J�J�J - =
^ J à R	.1P16f8$6"D � .1H5DÂà*.14NDG2GCXWNF I F�432GPT. J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J�J - ;
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àÂ.T4NDY25CXW3F7HÂ6"2G.	DY_N.�rÇF�H5Dá4N03CXâ�43CnDYF�43H�r 6"D5DY.12�j/6725DGCXPTqX.1H�CEW�DY_3.�43W3Cn|�.T2GHG. J�ã W�W�43rd0`.121:3DG_3.T8
.[ä�PT.1.1A�DY_3.�PTF�W3H5DGCEDG43.1W?DYHáF7�½F�25A3CXW/6"258¬r 6"D5DY.12vå].1qE.1P[DY2GF7W3H1:/j325F7DYF7W3H1:3WN.14NDG2GF�W3HYæo0�8�6ª�]67P[DYF�2
F7�<DY.TWª03CXqEqXCXF7W J ��_3.[8ª67P1PTF�43W?DB�zF�2B6�DBqX.167H5DÆ6"HBrd43Pa_ª.1W3.T2Gk78çCXWdDG_3.o43W3Cn|�.T2GHG.*67HÆ6"qXq�DY_3.�HèDa6725H
P1F7rd03CXWN.1A�67W3A£:�A3.1j`.1WNA3CXW3k*F�W�DY_3.TCX2é.xä36"PTD½rs67H5HG.TH1:7rÇCXk7_�D�6"P1P1F743W?D½�zF�2Á6áHGCEef670NqX.B�z2Y67P[DYCEF�WvF7�
DY_N.vHGF"ê´Pf67qEqX.1Asë5A/6"2GgÇrs6"D5DY.T2Gë J àÂ.T4NDY25CXW3F7Há672G.�67qEHGFdCEr j`F�2èDa67W?DoCEW�H5DG.1qXqX672�A�8�W367r CEP1H J ��_3.125.
6725.ç670`F�4ND	9ªì�íf=�Z]\xî[ïñð�baò�ó{îfð/ZáHèDY2G.167rÇCXW3kªDY_325F�43k�_�DY_3.ç@Æ6725DG_��z2GF7rôDY_3. I 43W J àÂ.T4NDY25CXW3F7H
k�F{|�.T2GWõDY_3.ªAN8�W/6"r CEP1H	F7�±HG4NjK.T2GW3F{|"67.7:�67WNAß_N.1W3PT.ÇDG_3.¼j32GF�A343P[DYCEF�W�F7�±_3.f6f|�8õ.1qE.1rÇ.1W?DYHvCEW
DY_N.*4NW3CE|7.12GH5. J -/432èDY_3.T2GrÇF�2G.":?CE�<DY_N.12G.áCEH i w � CXF7qö6"DGCXF�W�CXWdDY_N.*WN.14NDG2GCXWNF�H5.1P[DYF�2T:�DG_3.áj3_?8�HGCXPTH
F7�KW3.14�DY2GCEW3F�HÆCXW¼DG_3.á.f6725qE8d4NW3CE|7.12GH5.ÂrÇCXk7_�D 43qEDGCXr 6"DY.TqE8�0K.á25.1HGj`F�W3H5CX03qE.o�zF�2 O 672è8�F�k7.1W3.THGCXH J ã �
m±.	6725.*DGF�43WNA3.125H5Da6"W3A¬ë�má_�8¼m±.	6"2G.*_3.125.1ë·67W3AÇDY_3.*0/67H5CXPáW/6"DG432G.*F7�£DG_3.Â4NW3CE|7.12GH5.&CEWÇmá_3CEPa_
m±.�qECE|�.":�m±.�rç43H5Dá43WNA3.125H5Da6"W3A�DG_3.�0/67H5CXP1Háj325F�j`.125DGCX.THoF7��DY_3.�W3.T4NDY25CXW3F J
ã WvDY_3.Æqö6"H5D¢�z.[m(87.f6725H�H5F�qö6"21:{6"DGr F7HGj3_3.T2GCEP7:�67W3A�25.f67P[DYF�2£WN.14NDG2GCXWNF�.[ä�jK.T2GCEr .TW�DGHé_/6f|�.Æ2G.[|?ê

F�qE4NDYCEF�W3CXeT.1A¼F�4N2·4NW3A3.125H5DY67W3A3CEW3k�F"�¢DY_N.ÂW/6�DY4325.*F"�£W3.T4NDY25CXW3F�H J ��_3. I 43j`.12�ê ~ 67rÇCXF�g�67W3AN.VU í�W
KYX 6�DYrÇF�HGj3_N.12GCEP&W3.T4NDY25CXW3FÇ67WNA ~ ; ~ U Z :�> X 6"P1P1.TqX.T2Y6"DGF�2oW3.T4NDY25CXW3F¼.xäNj`.125CXrÇ.1W?DYH�_36{|7.�HG_3F{máW
DY_36"Ddrd4NF�W(W3.T4NDY25CXW3F7H�43WNA3.125k�F»%<6f|�F72dPa_/67W3k7CXW3k�DY2Y6"W3HGCnDYCXF7W3Hvmá_3CXqEH5D�j32GF�j367k?6"DGCXW3k$F{|�.T2¼6
j/6"DG_�qX.1WNk7DY_¶ANCE|�CXA3.TA×0?8×.1W3.T2Gk78Êå[Z]\.^çæçF7�áDY_3.$F�25A3.12dF"�`_ >7=�=Bg�r>\�p�. �çJ ��_3. I 43j`.12�ê
~ 67rÇCXF�g�67W3AN. i F�qEqö670`F�2Y6�DYCXF7W�_/6f|7. 6"qXHGF×25.1j`F�25DG.1AVHGF7r .�.[|�CEA3.1WNP1.�DY_/6�Df:Â�zF72sDY_3CEH$6"DYrÇF"ê
HGjN_3.125CXP	W3.T4NDY25CXW3FaZ]\.^ 2Y6"W3k�.7:�rd43F�WsW3.14NDG2GCEW3F�Ho6"2G.	j325CXr 672GCEqE8�DY2G67W3H5�zF72GrÇ.1A¬CEW�DGFçDa6"4¬W3.14�ê
DY25CXW3F7H J ��_3. I 43j`.12�ê ~ 67rÇCXF�g�67W3AN.±A/6�Da6&H5_3F{máH·WNFvHGCXk7W3C(*/P167W?D .[|�CEA3.1WNP1.o�zF�2 rç43F�WdW3.T4NDY25CXW3F7H
DY2G67W3Hè�zF�2GrÇCXW3kvCEW?DYF�.1qX.TPTDG2GF�WÇW3.14�DY2GCEW3F�H Juã W¬6"A3A3CEDGCXF�W¢:7DY_3. ioS	c�cVb U àYX 2G.167PTDGF�2Æ.[ä�j`.12GCEr .TW?D
_/67H¼jN2GF{|�CXA3.TA¶DYCXk7_�DçP1F�WNH5DY2G67CXW?DGHdF�W×.1qE.1P[DY2GF7W×W3.14NDG2GCEW3FñDY2G67W3H5CEDYCEF�W3H��zF�2çDG_3.�6"DGr F�H5j3_3.T2GCXP
W3.T4NDY25CXW3F+Z]\.^ 2Y67WNk�.7:±2G.1j`F�2èDYCXWNkõ67W�4Nj3jK.T2 qECXrÇCED�F�W�DY_3.�DY2G67W3H5CEDYCEF�W×j325F�0/6703CEqXCnDh8 F"�&DY_N.
F�25A3.12�F7�c_ >5d í{=�e J ��F�k�.[DY_3.T21:ÂDG_3. I 43j`.12�ê ~ 67rÇCXF�g�67W3AN.7: ~ ; ~ :�67W3A ioS&c�cVb A/6"DY6
_/6f|�.*HG_NF�máWªDY_36"DÆrd43F�WªW3.T4NDY25CXW3FvDGF�DY674ªW3.14�DY2GCEW3FvDY2G67W3HGCnDYCEF�W3HuF�P1PT432BmáCEDG_ÇqX672Gk7.oj32GF70/6703CEqnê
CEDh8¼má_N.1W DG_3.&PTF�2G25.1H5jKF�WNA3CXW3kfZ]\.^ CXHÆCXWªDY_3.&6"DYrÇF�H5j3_3.125CXP�W3.T4NDY25CXW3F�2Y6"W3k�.7:�67W3AªDY_36"D±DG_3.1H5.
DY2G67W3H5CEDYCEF�W3H½672G.·m�.TqXq�A3.1H5P12GCE0K.TAdmáCEDG_3CXW�DY_3.��z2G67rÇ.Tm±F�2Gg�F7�/Dhm±F"ê@%/6{|7F�2 W3.T4NDY25CXW3F&F�HGPTCXqXqX6"DYCEF�W3H J
S F{m±.T|7.121:éDG_3CXHÂCXH&F7W3qE8�j/672èD	F7�BDG_3.dW3.T4NDY25CXW3FsF�HGPTCXqXqX6"DYCEF�W�H5DGF�258 J�i F�W?|�CXW3PTCXW3k¬.[|�CXA3.TW3P1.d�zF�2
W3.T4NDY25CXW3F¬%<6f|�F72ÆDG2Y67WNHGCEDGCXF�WNH _/67H·67qEHGF�0K.T.1WÇj32GF{|�CXAN.1AÇ0�8ªH5F�qö6"2BW3.14NDG2GCEW3Fv.[ä�j`.12GCEr .TW?DYH J ��_3.
I à c U 9�: âgX .[ä�j`.12GCEr .TW?DÆ_/67HÆ2G.TP1.1W?DGqE8ªHG_NF�máWÇDY_/6�DÆHGF�qX672B.1qE.1PTDG2GF�WªW3.T4NDY25CXW3F7HÆDG2Y67WNH5�zF�25r CXW?DGF
rd43F7W�ê½67W3A#á�F�2BDa674�ê´W3.14�DY2GCEW3F�HT:?67W3A I 43j`.12èê ~ 67r CEF�g�67W3A3.hU -gX _/6f|�.	6"qXHGF�H5_3F{máWs.T|�CEA3.1W3PT.Â�zF�2
HGF7qö672Á.1qE.1P[DY2GF7W�êhW3.T4NDY25CXW3F�%<6f|7F�2½DG2Y67W3H5CEDGCXF�W3H J ��_3. ~ 67r � ^ à&RDU íf= X 2G.167PTDGF�2½WN.14NDG2GCXWNF&.[ä�j`.12�ê
CXrÇ.1W?Dv_367HvP1F�W:*/2GrÇ.1AÄDG_/6"D�.1qE.1P[DY2GF7W�W3.14NDG2GCEW3F�H	ëèA3CXHG67j3j`.f6725ë*má_N.1Wßj32GF�j367k?6"DGCXW3k F�|7.12vDY_N.
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Pa_/672G67PTDG.125CXH5DGCXPGZ]\.^ H5Pf67qE.o�zF�2BHGF�qX672 W3.T4NDY25CXW3FvDG2Y67W3H5CEDGCXF�W3H J -<25F�r 6vPTF�rd03CEW3.1AÇ67W/6"qE8�HGCEH1:7DG_3.Z]\.^ �zF�2oDY_N.1HG.¬%<6f|7F�2*DG2Y67WNHGCEDGCXF�WNH�CXHá6¼�]67P[DYF�2�F7�)_ K =ªDGCXrÇ.1HoqX672Gk7.12�DG_/67W$DY_3.�6"DGr F�H5j3_3.T2GCXPZ]\.^ 2Y6"W3k�. J
�½F7k�.TDG_3.12T:�DG_3.&6�DYrÇF�HGj3_N.12GCEP[êY:?HGF�qX672èêY:?2G.f6"PTDYF72èêa:�6"W3A¬67PTP1.TqX.12G6"DYF72èêhWN.14NDG2GCXWNF�.xä�jK.T2GCXrÇ.1W?DGH

_/6f|�.�HG_3F{máW DG_/6"Ds67qXqoDG_32G.T.ñg�W3F{máW W3.T4NDY25CXW3F.%<6f|�F72GHsj36725DGCXP1CEj/6"DG.�CEW©%/6{|7F�2 DG2Y67WNHGCEDGCXF�WNH1:
máCEDG_�Dhm±F×Pa_/672G67PTDG.12GCEH5DGCXPiZj\Y^�êh2G67W3k�.TH J S F{m�.[|�.T21:áDY_3.T2G.ÄCEHs6(j`F�H5HGCX0NqX.�P1F�rÇj3qXCEPf6"DGCXF�W¶DGF
DY_NCXH&H5CXrÇj3qX.�DY_325.1.xê@%<6f|�F72	W3.14�DY2GCEW3F�F�H5P1CXqEqö6"DGCXF�W$j3CEPTDG432G. J ��_N. �½I à&RkU í7í X .xäNj`.125CXrÇ.1W?D	_367H
2G.TjKF725DY.TAV.T|�CXA3.TW3P1.õ�zF�2�rd4NF�W 6"W�DGCnê´W3.14NDG2GCEW3F(DYF�.TqX.1P[DY25F�W 6"W�DGCnê´W3.14NDG2GCEW3F(DY2G67W3H5CEDYCEF�W3Hs�zF72
|"67qX4N.1HÁF7�lZ]\.^ má_3CEPa_d6725.±qE.1H5HÁDG_/67W�Dhm�FÂF�2GA3.T2GH�F7�3r 67k�WNCEDY4NA3. HGr 67qEqX.12KDY_/67W�DY_3.ÆDY2G67W3H5CEDYCEF�W3H
HG.T.1W×CEW×6"DYrÇF�H5j3_3.125CXPÇW3.14�DY2GCEW3F�H J ��_3.�6"HGHGF�P1CX6"DY.TA(DY2G67W3H5CEDYCEF�Wßj32GF�036703CXqECEDh8�CEH�|7.1258 HGr 67qEq�:
F7�·DY_3.ÇF�25A3.12�F7��= J K e J ã �±DY_3CEH�25.1H543qED�CXHvPTF�W]*/25r .TA 0?8�DG_3. l�CXW3C O F�F�W3.9U¦í�; X .xäNj`.125CXrÇ.1W?Df:
CEDámáCEqXqé2G.Tâ�43CX25.ç6 DG_3CX25A�Pa_3672Y67P[DY.T2GCXHèDYCEPaZ]\.^ 2Y67WNk�.��zF�2*W3.T4NDY25CXW3FF%<6f|�F�2*DY2G67W3HGCnDYCEF�W3H J*I CXW3PT.
.f6"Pa_iZ]\.^ 2G67W3k�.&CXrÇj3qXCE.1H·6¼A3C('K.125.1W?D�r 67HGH�êhHGjNqXCED5DYCEW3k�0`.TDhm±.1.TW�DG_3.vj/672èDYCEP1CXj36"DYCEW3k�WN.14NDG2GCXWNF
r 67HGHª.1CEk�.1WNH5Da6�DY.1HT:oP1F7W]*/2Gr 6"DGCXF�W�F7�ÂDY_3. ��I à&RÌ25.1H543qEDªm±F�43qXA�2G.Tâ�4NCX2G.$rÇF�2G.�DG_/67W�DG_32G.T.
r 67HGH�.TCXk�.TW3H5DY6"DY.TH J ��_3CEHám±F�43qEA$0K.�67W$.[ä�PTCEDYCEW3kª67W3A$2G67A3CXP167q£A3.[|�.TqXF�j3rÇ.1W?D J
UV_3.TDG_3.12&F�2&W3F"D&DY_N. ��I à&R 25.1H543qED&CXH&PTF�W]*/25r .TA£:<m�.¼W3F{m g�W3F{m DY_/6"D&W3.14�DY2GCEW3F�H*j32GF�ê

A343PT.1A�CXW�6ok�Cn|�.TW"%/6{|7F�2é.1CEk�.1WNH5Da6�DY.BPf6"W�DG2Y67WNH5�zF�25r�DY_N.1rÇHG.1qn|�.THéCXW?DYF�W3.T4NDY25CXW3F7HéF7��6áANC('K.12G.TW?D
%<6f|�F72±.TCXk�.TW3H5DY6"DY.Â67H±DG_3.T8Çj325F�j/67k�6"DY.áF{|�.T2�r 67P125F�HGPTF�j3CXPáA3CEH5DY67W3P1.TH J ��_3CEH±rÇ.f6"W3H·DG_/6"D1:�qECXg7.
â�4/6725g�HT:�W3.14NDG2GCEW3F�H _/6f|7.Â6�*3W3CEDG.�rs67H5H1:7DG_3.�%<6f|�F�2B.TCXk�.TW3H5DY6"DY.THÆ672G.�ANC('K.12G.TW?D �z2GF�r DY_3.�r 67H5H
.1CEk�.1WNH5Da6�DY.1HT:�67W3As_N.1W3PT.&W3.T4NDY25CXW3F�H·rÇCnä JuS F{m�.[|�.12T:Nm±.&_/6f|�.ÂCXW3PTF�rÇj3qX.[DY.�g�W3F{máqX.TA3k�.*F7�¢DG_3.
j325F�jK.T25DGCX.1H&F7�·W3.14NDG2GCEW3F�HvHGCEW3P1.dm±.ªA3F$W3F7Dvg�W3F{mÒDY_3.ªHGj`.1P[DY2543r F7�·W3.T4NDY25CXW3F�r 67HGH5.1HT:½6"W3A
m±.�_/6f|7.�F�WNqE8�j/6"25DYCX67q£g�W3F{máqX.TA3k�.�F7�½DY_3.�rs6�DY2GC äsDG_/6"D*A3.THGP125CX0`.1HáDY_3.�rÇCnä�CXWNk¼0K.[Dhm�.T.1WñDG_3.
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©/ÁZÖ4ÏdÃ'¹7ºd¼o½u¾�µ�¿d¹mÉÄÁZÅ«ª¬ ®­ �[¯ ÉÄ¹jÅ^ÉÄÁZÆÄÁ ¢ ÁZÆ�×�¸ZÁoÎ\ÁvÆC¶�Æ-Æ'¿d¹�°U±F²n³�´ÑËzÊuÃ2µ�¶·¦%¸2¹1Òº¶¼»E½�¾,§�¹1Òu¶�ÅAÀf¸�¿�¨E¾J½ ÇhÊuÎ ·dÁoÅd¹�À�ÒÀ�Á�ÂFÃFÄ Å�Æ »�Ç Á|ÁOÈ ÒOÉ�Ê«ËaÒu¶�ÅAÀ�¦�§=¨�äÚÅdÊYÌ�Í�æ
¼�µ�¿d¹�¸Z¹jË�Æ/¹�À�Öu¹�É/Ê�ËdÆ'¿d¹�·^¶�Ã©É-¶uÃÄ¹7Êu·�Æ©¶�ÁoÅd¹�ÀrËzÊuÃ-ÆÄ¿d¹mÉ�Æ'¶�ÆÄÁÈÉ�Æ'ÁoÇ�É-¸oÁoÎ�ÁZÆ'É
ÊuÅ^¸Z×4Ò�Ðm¿d¹jÃ'¹�¶4ÉUÆÄ¿d¹�Ã'ÁZÖ4¿EÆ<¹�À�Ö4¹�Ém¶�Ã'¹�Êu·�Æ©¶�ÁoÅd¹�À£¶�Ë�ÆÄ¹jÃ<ÉÄÏ^Ç�Çh¹�É'ÉÄÁ ¢ ¹j¸o×�É�ÐmÁZÆ'Ç©¿dÁoÅdÖwÊ4Å+ÉÄ×�É�Æ'¹jÎw¶�Æ'ÁoÇ�ÉjÒdÇjÊuÃ'ÃÄ¹�¸o¶�ÆÄÁoÊuÅ^É�Ò¶�ÅAÀ®À�¹�Öu¹�Åd¹jÃ©¶uÇjÁZ¹�ÉjÒ=ÎkÏÑÐ®ÏZÒUÆÄ¿d¹�×®ÇhÊ4ÃÄÃ'¹�ÉÄÍ=ÊuÅ^À#ÆÄÊKÆÄ¿^¹£ç^Å^¶�¸gÉ�ÁoÅÒª¬ u­ �[¯ ÉÄ¹jÅ^ÉÄÁvÆ'Á ¢ ÁZÆ�×#¸oÁZÎ\ÁZÆ'É�¼Fµ�¿d¹îÖ4Ã'¶�×F¥%É�¿^¶4À�¹�À
Ã'¹jÖuÁoÊuÅ£ÇhÊ4ÃÄÃ'¹�ÉÄÍ=ÊuÅ^ÀdÉ7Æ'Ê\ÆÄ¿d¹OÇjÏdÃ'ÃÄ¹�Å4Æ»ÉÄÁoÅÒª¬ ®­ �[¯ ·AÊ4ÏdÅ^Àî¶�Æ)°O±F²Ó³�´C¼J©dÊuÃ<ÆÄ¿d¹�Æ'ÃÄÏ^¹ ¢ ¶u¸ZÏ^¹�ÉmÊuË-Æ'¿d¹rÊ4É'ÇhÁo¸o¸o¶�ÆÄÁoÊuÅÍ^¶uÃ'¶uÎ�¹jÆÄ¹�Ã'É�ÒaÐ7¹£Ï^ÉÄ¹�Ô ÕOè ª¯K� ÔlÖ× �Ø ±~ÙA½Ú±ºÛ ¯ ¹�Ü ª Ò�É�ÁoÅ ª  u­ ª ¯ Ö ½uÒ2Õ è ªª � Ö òºØ ±�Ù=½�±�ÛJÝ1¹�Ü ª ÒUÉÄÁoÅ ª  ®­ � ª Ö±�Ø �+ñ �^Ò'½¤Þu±®ß^½ÚÞO �ó5Ò�¶uÅ^ÀÔ¶�ÅdÊ4ÃÄÎw¶u¸�Î\¶4ÉÄÉU¿dÁo¹jÃ©¶�Ã©Ç©¿R×u¼�©/ÁZÖ4ÏdÃÄ¹;Æ©¶uàu¹�Å�ËzÃ'ÊuÎ ïm¹hË�¼�ñZ½�ºRò�ó�¼

ºâáJãFä�åçæ¡è�é�ê7ä�ë®ìJíEë:é�ìJäÚìJè�ãUë¤ãUä�îïê7ä�îïð,ë¤ð�ä�ã�ñ�ækí�Â+Ã=ô � Ä#è�ãFìJñÚð�ä�ãFè�ãFíEë¤ñPækñ�ëÚò�ã�ëÚäÚð�ãóá«ìJôkð,ãêJîóõ�ö ÂÄ �U÷:ø ò�ækù®òúùUð�äÚä�ãFíEë¤ôûåüæ¡ñýùUê7í�ñ�ëÚä¤ìJæ¡í�ãFþ×ë¤êÓëÚò�ã�æ¡íQëÚãFä�áJì«ôBË/û Ë�Ë-­�­)ãcÏ Âiÿ � õ�ö ÂÄ � �#ÿË/û Ë�Ë � ÃYãcÏ Â ì«ë ��� ¯È­ Õ Ã ±�� Å�äÚê7è¸Å�æ��7ð�äÚã ��� Ã ÷ ê7í�ã�ù|ì«í ùFìJí ã|ìJñ�ækô¡å ñÚãUã�ë¤ò�ì«ë�ëÚò�ã�ë¤ä�ð�ã�á«ìJôkð,ãêJî;õ�ö ÂÄ � ñ�ë¤ä�ê7í��7ôûå ìzé�ãUùUë¤ñ*ëÚò�ã�ñÚæ¡í Â Ã=ô � Ä�ñÚãFí,ñÚæ¡ëÚæ¡á¬æ¡ëKå�ô¡ækè�æ¡ë �
	 ò�æ¡ñ � �7ð�ä�ã�þ�ãFè�ê7í�ñ�ë¤äÚì«ë¤ãUñfë¤ò�ìÒëîïê7ä~ìJô¡ôlã��Bé�ãFä�ækè�ãFíEë¤ñ*ëÚò�ãeñ�ækíNÂ¹ÃAô � Ä"ñÚãUí�ñÚæûë¤æûáBæûëKå�
�ãFùUê7è�ãUñ ø ê7ä�ñÚã:îïê7ä~ñÚè�ìJôkô�á«ìJôkð�ãUñ~êJî � õ�ö ÂÄ � �
ø æ¡ëÚò�ækíçë¤ò�ãWùUð�äÚä�ãFíEë¤ôûårìJô¡ôkê ø ãUþ�ä¤ì«í��7ã ��� ëóñÚò�êJð�ôkþ�
�ã�í�êJëÚãFþ ÷ ò�ê ø ãUá7ãUä ÷ ë¤ò�ì«ë#ë¤ò�ãWùUð�äÚä�ãFíEëñÚæ¡í-Â+Ã=ô � ÄYð,é�é=ãUä;ô¡ækè�æ¡ëY�[þ�ì«ä�¾����7äÚì|å:ñÚò�ìJþ,ãFþ#ä�ã��7æ¡ê7íÆ¿�æ¡ñ;ì«ôkñÚê�ò�æ��7ò�ãFä2îïê7ä�ñ�è ìJô¡ôJá«ìJôkð,ãFñ�êJî � õ�ö ÂÄ � �ë¤ò�ìJíWîïê7ä�ô ìJä��7ã"á«ìJô¡ð�ãFñ �

�	ãFé�ãFí�þ,ækí��Sê7í�ë¤ò,ãóá«ìJô¡ð�ã�êJî*õóö ÂÄ � ÷ ê7í,ã�ùFìJí ækþ�ãUíQëÚæ¡î åýñÚê7è�ãóùFäÚð,þ�ã�
�ä¤ìJí,ù®ò�ækí��Sé�ê7ækíEëÚñîïäÚêJè Å;æ��7ð�ä�ã ��� ­��;Å�ê7ä�ñ�ækí�Â+Ã=ô � Ä��_Ë/û Ë�Ê ÷ ê7í�ã	è�ì|å ì«ôkäÚãFìJþ,åóã��,é�ãFùOë�ì#é�ê7ñÚæûë¤æ¡áJã^ñ�ækí�Â+Ã=ô � Ä�ñ�æ����í�ìJô�îïäÚêJè�ëÚò�ã�ùUê7íEá7ãFíEëÚækê7í�ì«ô�
�ã|ìJè�ã��Bé�ãFäÚæ¡è�ãUíEë¤ñ	ê7ä"ì�è�ãUþ�ækð,è���ñÚù|ì«ôkã:äÚãFìJùUëÚê7ä"ã��,é�ãFä�ækè�ãFíEë ÷
ø ò�ãUäÚã|ì«ñ�îïê7ä#ñ�ækí Â Ã=ô � Ä ÿ Ë/û Ë-­�í,ê7í�ã�êJî�ëÚò�ã�ñ�ò�ê ø í ã��Bé=ãUäÚækè�ãFíEëÚñ ø ækô¡ô�ñ�ãFãSìýñ�æ��7í�ìJô � 	 ò�ãä¤ì«í��7ãDË-û¨Ë-­ ÿ ñÚæ¡í�Â+Ã=ô � Ä ÿ Ë-û¨Ë�Ê äÚã�×�ãFùUëÚñ	ë¤ò�ã#ñÚð�é�ãFä�
=ãFìJè �[ìJí�þ�ôkìJä!�7ãPäÚãFìJùUëÚê7ä"ã��Bé=ãUäÚækè�ãFíEëC¿è�ã|ìJñ�ð�äÚãUè�ãUíQë^ä¤ì«í��7ã ÷%ø ò�æ¡ù®ònækñ�ækí�ì«ùFùFãUñÚñ�æ�
�ô¡ã:îïêJä�ëÚò�ã#ùUê7íEá7ãFíEëÚækê7í�ì«ô"
�ã|ìJè�ñ �#� íýëÚò�ækñ�ä¤ì«í��7ã ÷ë¤ò,ã�ôkê ø ãUä~ãFí�þoñÚæ¡í�Â+Ã=ô � Ä*puË/û Ë-­:ùFêJäÚäÚãUñÚé�ê7í�þ�ñ�ëÚêóëÚò�ã:ùFê7è$
�ækí�ãUþWã�é=ê7ä�ë�êJî�ìJô¡ô=ë¤ò,ãFíoã��Bækñ�ë¤ækí��ã��Bé�ãFä�ækè�ãFíEë¤ñ ÷)ø ò�ãUäÚãFìJñeîïê7ä�ñ�ækí�Â+Ã=ô � ÄKýmË/û Ë�Ê ìoá7ãUä�åUèQð�æ¡ùC¾ þ,ãUë¤ãUäÚè�ækí�ìÒë¤ækêJí%
Eå ëÚò�ã�ñÚð�é�ãFä&�

�ã|ìJè�ñ�ñÚò�êJð�ôkþ'
=ãSé�ê7ñÚñ�æ�
�ô¡ã � ê ê«ë¤ãWë¤ò�ìÒë ì«ñ�ñ�êBêJí`ìJñóñ�ækí�Â+Ã=ô � Ä)( Ë æ¡ñóãFñ�ë¤ì�
�ô¡ækñÚò,ãFþ ÷ æ¡ëóæ¡ñé�ê7ñÚñ�æ�
�ô¡ã^ë¤êóô¡êBê�¾óîïê7ä*ñ�ð�
*��ôkã|ì«þ�ækí��#ã�é=ãFùUëÚñ ÷ ñ�ð�ù®ònìJñ�ô¡ãFé,ëÚê7í�æ¡ù · ÍÓá¬ækêJô ì«ëÚækê7í�ê7äfë¤ò,ãPí,ãFð,ëÚäÚækí,êè�ìJñÚñ�ò�æ¡ãFäÚìJäÚù®òEå �
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©/ÁZÖ4ÏdÃ'¹±ºd¼Ñ �¾�µ�¿d¹KÉÄÁZÅÒªB ®­ �ï¯ É�¹�Å^ÉÄÁvÆ'Á ¢ ÁZÆ�×å¸oÁoÎ�ÁZÆ'É+¶�Æ�°O±|²]³�´ ËzÃ'ÊuÎ ¦�§=¨ äzÅ^Ê�Ì�Í�æ
Ò2É=ÊÒËCÒ À�Á�ÂFÃUÄ Å�Æ »�Ç ÁFÁUÈ Ò
¶�ÅAÀÕÆ'¿d¹­ÇjÊuÎO·^ÁZÅd¹�À ÇhÊuÅ ¢ ¹jÅEÆÄÁoÊuÅ^¶u¸�·A¹�¶�ÎwÉ­äHµ�¶·¦%¸2¹=Ò�¶Ñ»Q½�¾,§,¹1Ò)¸�¿�¨E¾J½Cæw¶uÉ\ËzÏ^Å^Ç
Æ'ÁZÊ4Å Ê�Ë;ÆÄ¿d¹îÆ'ÃÄÏ^¹ ¢ ¶u¸ZÏ^¹Ê�Ë�Ô Õ è ª¯K� Ôv¼­µ�¿d¹ÔÀd¶�Ã àF¥5Ö4Ã'¶�× ÉÄ¿^¶uÀd¹�ÀKÃ'¹jÖuÁoÊuÅKÃ'¹hËz¹�Ã'É�Æ'Ê Æ'¿d¹ÑÇhÏ^ÃÄÃ'¹jÅEÆ ÉÄÁZÅ«ª¬ ®­ �[¯ ·AÊ4ÏdÅ^ÀKËzÃ'ÊuÎ�³-,�././0®¶uÅ^À
ÆÄ¿^¹\ÉÄÊu¸È¶�Ã;¹hÌ�Í=¹jÃ'ÁZÎ\¹�Å4Æ©É\äû°O±|² ³�´-æ�ñZ½ÚÞd½hó�¼ 1�¶uÎ\¹OÍ^¶uÃ'¶uÎ�¹jÆÄ¹�Ã ¢ ¶�¸oÏd¹�É�¶uÉ;ÁZÅ�©/ÁZÖ4ÏdÃ'¹�º^¼Z½4¼�©/ÁZÖ4ÏdÃ'¹OÆ©¶uàu¹�Å­ËzÃ'ÊuÎ
ïm¹jË�¼9ñv½�ºEò�ó5¼


��K�*�K� ���	��&'�)��+,�	���)&â�)(f��+`���3254 ��¬� �>(	? � � �
	 ò�æ¡ñ�ñÚãUùUë¤æ¡ê7írækíEáJãFñ�ëÚæ��EìÒë¤ãFñeë¤ò�ãSì�
,ækôkæûëKå�êJî~ë¤ò,ã�ùFê7íEáJãFíEë¤æ¡ê7í�ìJô�
�ã|ì«è�ã��,é�ãFä�ækè�ãFíEë¤ñ�ìJí�þrñÚð6�
é�ãFä!
�ã|ì«è�ñ�ëÚêçè�ã|ìJñ�ð�äÚã�ëÚò�ãSôkãFìJþ�ækí�� ì«ë¤è�ê7ñÚé,ò�ãFä�ækù�é�ì«ä¤ìJè�ãUëÚãFäÚñ�õ�ö ÂÄ � ì«í�þðô Â Ä � ®~ã|ì«ùUë¤êJäã��Bé�ãFä�ækè�ãFíEë¤ñPìJä�ã�í�ê«ëeæ¡í�ùFô¡ð�þ�ãUþ æ¡í ëÚò�ækñ:þ�æ¡ñÚùUð�ñÚñ�ækê7í ÷ ñ�ækí�ùUã�ëÚò�ãUå ìJä�ãóä¤ì«ëÚò�ãFäPækí�ñ�ãFí�ñ�æ¡ëÚæ¡á7ã�ëÚêõ�ö ÂÄ � ÷ ìJí�þ�ùFìJí�í�êJë�ìJùFùUãFñÚñ­ô Â ÄPì«ë:ì«ôkô �7	 ò,ã�è�ãFìJñÚð�ä�ãFè�ãFíEë�êJî>ëÚò�ãFñ�ã�é�ìJä¤ì«è�ãOë¤ãFä�ñ	ækñ"þ�ê7è�æ8�í�ì«ëÚãFþ9
Eå�ë¤ò�ã@Ø]ÙÀå Ø]Ùóþ�ækñÚìJé�é�ã|ìJäÚìJí�ùUã�ù®ò�ìJí�í�ãUô2ækíWë¤ò,ã:
�ã|ì«è ã��Bé�ãFä�ækè�ãFíEë¤ñ �

Å�æ��Jð�äÚã +��;+ ÷ ùFê7è�é�ìJä�ãFñ�ë¤ò�ãoé�ä�ãFþ�æ¡ùUë¤ãUþiìJô¡ôkê ø ãFþaäÚã<�7ækê7í,ñóîïêJä�õ�ö ÂÄ � ì«í�þÓñ�ækí�Âxô Â Ä�îïäÚê7èë¤ò,ã ùUê7è=
�æ¡í�ãFþÓùFê7íEá7ãUíEë¤ækêJí�ìJô#
=ãFìJè�ñn�?>A@8BDCFE ÷ @HG-IKJML"E ÷ CONMPQJRIT¿ ÷�SUT�V>÷ BULWP ÷ ìJí�þ`ìJôkô
�ã|ìJè ã��,é�ãFä�ækè�ãFíEë¤ñPùFêJè=
�ækí,ãFþ ë¤êSë¤ò�ã�ùFð�ä�äÚãUíQë�ìJôkô¡ê ø ãUþçä�ã��7æ¡ê7í�îïäÚê7è Ó ð,é=ãUä?�hú:ìJè�ækê�¾«ì«í�þ�ã
ì«ëÚè�ê7ñ�é�ò�ãUäÚækù�í,ãFð,ëÚäÚækí,êeþ�ìÒë®ì��[ñÚò�ìJþ�ãFþ�äÚã<�7ækê7í,ñC¿ �DX ê7äÚä�ãFôkì«ë¤æ¡ê7í�ñ ø æ¡ëÚò�ëÚò�ã~êJë¤ò,ãFä"�[í�êJë�ñ�ò�ê ø íÆ¿ê7ñ�ùFækô¡ô ì«ëÚækê7íoé�ìJäÚìJè�ãUë¤ãUäÚñ�ì«äÚã�æ¡í�þ�ækùFì«ë¤ãUþY
Eåné�ä�êÒ��ãFùOë¤ækí���ë¤ò�ã=Z�ë?�Kè�ìJí�æûîïê7ôkþoê7íEë¤ê�ëÚò�ãóñÚækíNÂxô Â Ä[�õ�ö ÂÄ � �Ké�ôkìJí�ã � ê êJëÚã�ëÚò�ì«ë#ëÚò�ã�
�ãFñ�ëb¾Qí�ê ø ôkãFþ��7ã�ê7írñ�ækí�Â+Ã=ô � Ä�æ¡ñ�ìJñ�ñÚð�è�ãFþ�ëÚê%
=ã ê�
,ë®ì«ækí�ãUþîïäÚêJè ãFìJù®ò ã��Bé=ãUäÚækè�ãFíEë�æûë¤ñ�ãFô¡î��[ìJé�é�ã|ìJäÚìJí�ùUã	ù®ò�ìJí�í,ãFôkñ�¿ ÷,ø ò,ækù®òSè�ãFìJí�ñfëÚò�ì«ë�ëÚò�ã�ùFê7ä�äÚãUô ì«ëÚækê7í
ø æ¡ëÚòSñÚækí-Â¹ÃAô � Ä"ìJí,þ RUT7VSækí�þ�æ¡äÚãUùUë¤ôûå�ìzé�ãUùUë�ë¤ò,ãOZ,ë¤ñ � Å�ê7ä*þ,ãUë®ì«ækôkñ ÷ ñ�ãFã]\�ãOî �
^`_a+cbed��	 ò�ã=Z�ä�ñ�ë�ë¤ò,ækí���ë¤êWôkãFìJäÚí îïäÚê7è¸Å�æ��Jð�äÚã +��f+ ækñ"ëÚò�ì«ë"ëÚò�ã�é�ä�ãFùFæ¡ñÚæ¡ê7ínê7í�õ�ö ÂÄ �^ø ækô¡ô)þ,ä¤ìJñ&�ë¤æ¡ù|ìJô¡ô¡åSæ¡è�é�ä�êºá7ã ø æ¡ëÚònë¤ò�ã�í,ã��¬ë:�7ãFí�ãUä¤ì«ëÚækê7í�ê«îfã��,é�ãFä�ækè�ãFíEë¤ñ ÷lø ò�ãFä�ã|ìJñ:ê7ð,ä7g¬í,ê ø ô¡ãFþ��Jã�ê7íô Â Ä ø æ¡ôkôh
�ã#ækí,ùFäÚãFìJñÚãUþýäÚì«ë¤ò�ãUä^è�ê¬þ�ãFñ�ë¤ô¡å �K	 ò�ã#ùUê7è=
�æ¡í�ì«ëÚækê7íWêJî�ìJôkôlëÚò�ã$
�ã|ìJè ã��Bé=ãUäÚækè�ãFíEëÚñ
ø ækô¡ô=æ¡è�é,äÚêºá7ã"ëÚò�ã�ùFð,äÚäÚãUíEë~é�äÚãUùFækñ�ækê7í�îïä�ê7è'ë¤ò�ã Ó ð,é=ãUä?�hú:ìJè�ækê�g«ì«í�þ�ã^ì«ë¤è�ê7ñÚé,ò�ãFä�ækù"í,ãFð,ëÚäÚækí,êþ�ì«ë¤ì ^`_]Õ Ã d êJíoñ�ækíNÂ7ô Â Ä�äÚêJð��7ò�ôûåi
EåSì#î[ìJùOë¤ê7äfêJî�ë ø ê ÷�ø ò,ækôkã�ë¤ò�ã�é,äÚãFùUækñ�ækê7íWê7íoõ�ö ÂÄ � ø ækôkôR
�ã
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©/ÁZÖ4ÏdÃ'¹+º^¼ º^¾1µ�¿^¹	°U±F².³�´ äÚÉÄÊu¸oÁÈÀÕÇhÏ^Ã ¢ ¹�É©æO¶uÅ^ÀÕº<j äÚÀ^¶uÉÄ¿d¹�À®ÇhÏdÃ ¢ ¹�É'æ ¶�¸o¸ZÊ�ÐU¹�À#ÃÄ¹�ÖuÁoÊuÅ^É+ä¡ ~À�¼ Ê^¼ Ë�¼ æ ÁZÅÕÆÄ¿d¹
ÉÄÁZÅÒªQ­ ª ¯ ¥ïÕ è ª¯K� ¥�Íd¸È¶�Åd¹\ËzÊ4Ã�ÆÄ¿d¹ÔÇhÊuÎ ·dÁoÅd¹�À~ÇhÊ4Å ¢ ¹jÅEÆÄÁoÊuÅA¶�¸�·A¹�¶�ÎwÉ�äHµ�¶·¦%¸2¹1Ò�¶Ñ»Q½�¾,§,¹1Ò�¸�¿,¨E¾J½xæhÒ,É=ÊÒËaÒl¦�§=¨äzÅ^Ê�Ì=Í;æhÒ�¶uÅ^ÀO¶u¸Z¸R·=¹�¶uÎ ¹hÌ�ÍA¹�ÃÄÁoÎ\¹jÅEÆ'É/ÇhÊ4ÎO·dÁoÅd¹�ÀÑäzÁoÅ^Çj¸ZÏ^Àd¹�É�ÇhÊ4ÃÄÃ'¹j¸È¶�Æ'ÁZÊ4Å^É'æh¼�µ�¿d¹mÉ�¿A¶uÀ�¹�À�ÃÄ¹�ÖuÁoÊuÅ^É/ÇhÊ4ÃÄÃ'¹�ÉÄÍ=ÊuÅ^À
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s ã<� r ���M� � z ���!� r�rî �!� ��� � ûf� ���!� r �î �!� ���
SpT�V v����!� ���î �!� � � � _ � î

s ã<� r ���M� � z ���!� � sî �!� � � � ûf� ���!� � sî �!� � �BpLqP v ���!� �&sî �!� �&� � _ � î
s ã<� r ���M� � z ���!� ru�î �!� r � � ûf� ���!� r�sî �!� r �� ôkô-
=ãFìJè ã��,é�ãFä�ækè�ãFíEë¤ñ~ùUê7è=
�æ¡í�ãFþ v ���!� � rî �!� ��� � _ � î
s ã<� r ���M� � z ���!� � sî �!� � � � ûf� ���!� � rî �!� � �

µ/¶�·d¸o¹Ñºd¼Ñ �¾�µ�¿d¹Ñ¹hÌ�ÍA¹�Ç
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Æ'ÁZÊ4ÅrÊ�ËEÆÄÁoÎ\¹u¼µ�¿d¹�ç^ÅA¶�¸9ÉÄ¹jÅ^ÉÄÁZÆÄÁ ¢ ÁZÆÄÁo¹�É�äÚÃÄÁoÖu¿EÆ<¹�Å^ÀdÉmÊuË�ÉÄÊu¸oÁoÀ£ÇjÏdÃ ¢ ¹�É©æU¶�Å^À£Àd¶�Æ'¶ Æ'¶OàEÁoÅdÖwÍ=¹jÃ'ÁZÊ�ÀdÉm¶uÃÄ¹;Æ©¶uàu¹�Å+ËzÃÄÊ4Î µ/¶�·d¸o¹rºd¼o½
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ÇhÊ4ÃÄÃ'¹�ÉÄÍ=ÊuÅ^ÀÔÆÄÊÔÆÄ¿^¹ Ã'¹�ÉÄÏd¸ZÆ'ÉgÊ�Ë7ÇjÊuÎ\Íd¸o¹hÆÄ¹\ÉÄÁZÎ Ïd¸o¶�ÆÄÁoÊuÅ^É�¼�µ�¿d¹\É�Ê4¸ZÁÈÀ ÇhÏ^Ã ¢ ¹�É»ÇjÊuÃ'ÃÄ¹�É�Í=ÊuÅAÀ+ÆÄÊÔÆÄ¿d¹\Àd¶�Æ©¶�Æ©¶uàRÁoÅdÖÍ=¹jÃ'ÁZÊ�ÀdÉCËzÊuÃ7ÆÄ¿d¹�É�¹;É�¹�Å^É�ÁZÆÄÁ ¢ ÁvÆ'ÁZ¹�É7¶uÅ^À\Æ'¿d¹gÀd¶4É�¿^¹�À�ÇjÏdÃ ¢ ¹�ÉCËzÊuÃUÍAÊEÉÄÉÄÁZ·^¸Z¹<Ã'ÏdÅdÅ^ÁZÅdÖOÆÄÁoÎ\¹g¹jÌEÆ'¹jÅ^ÉÄÁoÊuÅ^É�¼/µ�¿^¹<ÆÄ¿^ÁoÇ�à
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3 σ Sensitivity to sin2(2θ13)
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L = 810 km, 12 km off
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T2K Phase 1
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4}3~³�½9½9»5ºßÕ�µ@¶z¿Ó·@º�6935¾f»f¸9·&¾Iµ@¶p¿³�69¶�´�µ@·QºuÅcµ@3Kºu½�µ@»f³�¾I4}ºu61³�ÃÓ476 Ø �+&_�ÐÒ�µ�³�»53~¹X»5ºuÅ 69º_ÆwÇ�Ë`ºu»5µs¶9µQ¾I³�47Ã}3aºu6 ¾f²9µsµ&Î�½�µ@»f4}Å�µQ6e¾·�³�6 ´;µ~¹Xºu¸96n¶ 476 ± ½9½�µ@69¶n4+Î ± Ç,&uÇmÔE²9µT¶94}3f·QºßÕ�µ@»ÑÒ�Ã}47Åc4}¾�¹Xºu»w¾I²nµsbßÀNÁ b d*3f4}Éu61³�ÃZ·@³�6�´�µ¹Xºu¸96n¶Ð476.-�47É�¸9»fµ × Ç,&a³�3"¹X¸969·Q¾f47ºu6`º�¹
¾I²nµ�¾I²n»fµ@µ�¸96�g�69º_ÆÂ6�½1³�»f³�ÅcµQ¾IµQ»f3�3f476�8;:�<0/>=_¿z�Q�e�;¿z³�69¶¾I²nµc6nµ@¸n¾f»f476nºmÅ�³�353*²n47µ@»f³�»f·\²eÒ1�C¾I»5¸9µKÕ�³�Ã7¸9µQ3+�&Ç~ÔE²9µ~ÕuµQ»5¾f47·�³�ÃZ³ Î�4732»fµQ½9»fµQ3fµQ6�¾f3�¾f²9µK¹X»I³�·&¾I47º�6º�¹�½;º�3f3f4}´9Ã7µN�@�u� Õ�³�Ã7¸9µQ3l¹Xºu»lÆÂ²94}·\²�³12�3÷¶94735·@º_ÕuµQ»5Ò ·Qºu¸9Ã7¶ ´�µ�ÅT³�¶9µ�Ç È^6 º�¾I²nµ@»sÆMº�»f¶93Q¿
4 µQ»fº�»5µ@½9»5µ@3fµQ6e¾I3s¾I²9µ�Ã}47Åc4}¾K¹Xºu»�¾I²9µNÅcºu3Ñ¾l¹>³�Õuºu»f³�´9Ã7µmÕ�³�Ã7¸9µÐº�¹��@�u� ¹Xºu»l³ Éu4}Õ�µ@6 3f4}6 8 :�<0/>=�X¾^Ò.½94}·�³�Ã}Ã}Ò$³�»fº�¸969¶��@�u��562�¢87u:9�(¿eºu69µ"»fµQ½9»fµQ3fµ@6e¾f3�¾I²nµ�Ã}µ�³�3Ñ¾Ó¹>³�Õ�ºu»I³�´nÃ7µEÕ�³�Ã7¸9µÂº�¹z�:�X¾^Ò.½947·@³�Ã7Ã+Ò³�»5ºu¸969¶`�@�u�;5 ¢<7u:9�&Ç=-1ºu»E¾I²9µw½9¸n»f½�ºu3fµ*º�¹Ï»5473�glÅ�4}6947Åc4 4 ³�¾I4}ºu6z¿eºu6nµ*ÆM³�6e¾I3Â¾Iºc²1³�Õuµ$³cÉuº.º.¶3fµQ693f4+¾I4+Õ�4+¾^ÒÐ¹Xºu»w³s¹X»I³�·Q¾I4}ºu6�º�¹]�@�u�i³�3*ÃÄ³�»5ÉuµK³�3*½;º�3f3f4}´9Ã7µ�Ç>-1ºu»�¾I²9µc½9»5º�¾Iºu6n3*º�6i¾I³�»fÉuµ&¾�¿z¾f²9µÕ�³�Ã7¸nµ�º�¹;:��=?@&_� 8BA ½;º�¾�»fµQ½9»fµQ3fµ@6e¾f3Z³�6Kµ@3Ñ¾I47Å�³�¾fµ�º�¹1ÆÂ²9³�¾C-1µ@»5Å�4}ÃÄ³�´wÅc47Éu²e¾�´;µM³�´9Ã7µÓ¾Iº�¶nµ@Ã74+ÕuµQ»476q³D$9Õ�µ��-Òuµ�³�»*»5¸96�ÆÂ4}¾f²i4}69·@»5µ@Åcµ@6e¾\³�ÃFEMº.ºu35¾fµ@»w³�6n¶�Ë`³�476qÈ^6HG5µQ·Q¾Iº�»247Åc½9»fº_ÕuµQÅ�µQ6e¾I3@¿zÆÂ²n47Ã7µ&_�u�;?I&_� 8BA ½;º�¾w»fµ@½n»fµ@35µ@6e¾I3�¾I²9µ~µ&Î�½�µ@·&¾\³�¾f47ºu6qÆÂ4}¾f²q¾f²9µ�EMº�º�35¾IµQ»w»fµ@½nÃÄ³�·Qµ@¶i´�Ò�¾f²9µ: 
»fº�¾fºu6!�»f4+ÕuµQ»@Ç ± Ø9J 3ÑÒ�3Ñ¾IµQÅT³�¾f47·KµQ»f»fº�»�ºu6�¾I²9µK´9³�·[g�Éu»fºu¸n69¶ ¶nµQ¾IµQ»fÅc4761³ ¾I47º�6Ð²1³�32´�µ@µQ6 4}69·@Ã}¸9¶9µQ¶476�¾f²9µ@35µl³�69¶i¾I²9µcº�¾f²9µ@»w·�³�Ã7·@¸nÃÄ³�¾f47ºu693r½9»fµQ3fµ@6e¾fµ@¶�²9µQ»fµ�¿|´9¸n¾*¾I²nµ�3Ñ¾\³�¾f4735¾f47·@³�ÃÏµ@»5»fºu»53�º�6i¾f²9µ´1³�·[g�Éu»5ºu¸969¶n3w³�Ã}ÆM³�Ò�3r¶9ºuÅc4761³�¾fµ�Ç2ÔE²9µa¾f²9»fµQµK35¾I³�69¶1³�»5¶K�^¶nµQÕ.4Ä³�¾f47ºu6`3fµQ693f4+¾I4}Õ.4+¾^Ò`º�¹Ó¾f²9µKÔ":�L�>½n²1³�3fµM&���½9»5ºu½;º�3I³�ÃONÜ:020Pz4}3]³�Ã}3fºa35²9º_ÆÂ6`4}6T¾I²94}3=$1É�¸9»fµ�Ç
ÔE²9473]½nÃ7º�¾M3f²9º_ÆÂ3Â·@Ã}µ�³�»5Ã}ÒK¾I²9³�¾EµQÕ�µ@6ÆÂ4}¾f²9ºu¸n¾�³m½9»fº�¾fºu6i¶9»f4+Õuµ@»Q¿�4+¹]3f4}698;:�<0/>=a4}3�Éu»5µ�³�¾fµ@»w¾I²1³�6 �)QÜ� × ¾I²9µQ6�ÊrÌ�Í ÆÂ4}Ã7ÃÏ²9³_Õ�µs³.2�33fµQ693f4+¾I4+Õ�4+¾^Òu¿.»fµQÉe³�»f¶nÃ7µ@353]º�¹V¾I²nµ�69µ@¸�¾I»f4}69ºaÅ�³�3f3M²947µQ»I³�»5·\²�Ò�¿1³�69¶s»5µ@Ée³�»f¶9Ã}µ@3f3Mº�¹VÆÂ²1³�¾]¾f²9µw¼R O�
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2 σ Resolution of the Mass Hierarchy
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L = 810 km, 12 km off
∆m23

2 = 2.5 10-3 eV2
NUE

sin2(2θ13)

F
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δ

Each ν and ν̄
12x1020 pot, ∆m2 >  0

60x1020 pot, ∆m2 >  0

12x1020 pot, ∆m2 <  0

60x1020 pot, ∆m2 <  0
(Proton Driver)

ÙnÚÜÛQÝßÞ-àVU á � ãeäzåßà8W 
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2 σ Resolution of the Mass Hierarchy
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L = 810 km
12 km off-axis + T2K
∆m23

2 = 2.5 10-3 eV2

NUE

with HK

sin2(2θ13)
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Each ν and ν̄
60x1020 pot, ∆m2 >  0

60x1020 pot + T2K, ∆m2 >  0

60x1020 pot, ∆m2 <  0

60x1020 pot + T2K, ∆m2 <  0

3 σ Determination of CP Violation
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L = 810 km, 12 km off / T2K + PD +SK
∆m23

2 = 2.5 10-3 eV2
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sin2(2θ13)
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Each ν and ν̄
60x1020 pot, ∆m2 >  0

T2K alone, ∆m2 >  0

NOνA + T2K, ∆m2 >  0

60x1020 pot, ∆m2 <  0

T2K alone, ∆m2 <  0

NOνA + T2K, ∆m2 <  0

ÙnÚÜÛQÝßÞ-àxU á yßãeäzåßà�æ{àÑé æ{Ú ç-ÚÜë�ÚÜçXî$ç{ì�ç{åßàrðEè&æ-æÓåßÚoàÑÞ�è(Þ�í�å�îTü � jf]�ïoà�ñ0çgz è&éßàÑï 
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2 σ Resolution of the Mass Hierarchy
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3 σ Determination of CP Violation
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3 σ Determination of CP Violation
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L = 810 km, 12 km off / T2K + PD +HK
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Blue: ∆m2 >  0
Red:  ∆m2 <  0
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95, 99 % C.L. for δCP vs sin2 2θ13
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1 MW, 0.5 MT, 5yr, nu running
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Regular hierarchy ν and Antiν running
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Regular hierarchy ν and Antiν running
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BNL to Homestake  2540 km

sin22θ23 = 1.0

∆m2 32 = 2.5e-3 eV2

Beam 1 MW, Det. 0.5 MT, Run 5e7 sec

No oscillations: 13290 evts

With oscillations: 6535 evts
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FNAL to Homestake  1290 km
sin22θ23 = 1.0
∆m2 32 = 2.5e-3 eV2

Beam 1 MW, Det. 0.5 MT, Run 5e7 sec

No oscillations: 51500 evts
With oscillations: 20305 evts
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h�ikj#lEmknEiklomqp�pri�cni�7qlts%mkuwv2dxpgyznEv6dqv{jmc|s~}�m��������knEj�y/7kv=7���@t��v%jmc�u�v6dxp�cei�j#v%��v{j#v=7�p�l�yoi
}b����0qh�ikv%j�v�yoj#vui�v*�Ev%jryo���.lkisimc��q��vP7kv%p�v{s%p�lEj�p�v{s(i�dklo��lEno��s(iklhc�s{v2i���lEj�}b�b��0th�ikv{j#v�yoj�vbyo�ei#l
s(iklkc|s{v2i���lEj�p�ikv�s%v6dxprj�yo����v{you�v6dqv{j�n��~yhd�7��kyhi�v%�ecedqvo�k��i�c|s(i�yoj#v�j#v{��y2prv=7�p�l�s(iklkc|s{v2ibyo�.lEmqp
��ikv*prikv%j�priqv*7kv*prv%s%prloj�cni�lkd|5�y?@#cei�� �jc|p�i�j�v2i��.v{s*p�p�l�priqvws%v6dxprj�yo�¡��v{youþ7�c�j#v{s*p
c�lhd�¢blEj,lo£<5
y?@#cei�0Uh�i&y�p��.v6cndknQiryhc(7Upri�cni�7klts%mku�v6dxp�i&yhi�vR@t�k�|lkc|p�v=7!p�ikv�s¤yo�|s{mk��y�p
c|lkd�i¥yZ��yhc|��yo�q��v���j�lEu
priqv
}�¦�§t¨©s%lE����yo��lojry�pmc�lkdUprl�lE�qp(yocedªy�«¬m&yod¬pmc|pry�p
c­�Ev�m�d)7kv{jsi#p(yod�7�cedqn!lo��prikv�yos(i�c�v*��yo�k��v
i�v2d�imc­p
c­�#c­p®��y�p�y����~¯ °¡j#loprlhd�±�jsc|�ov{j=0

}�¦�§t¨²�³}�m����´¦b£�5®¨P@#cni�§2µ¶¨b�q��v{yojryhdqs{v���@t��v%jmc|uwv2d¬p(¢´cni·y��kj#lE��lhiryo��prl¹¸&v%j�u�c���y����³°�5
º � º�»½¼¤¾ �2¿�¢�p�l¥m�i#vbpriqv�¸&v{j#uRc|��yo����yoced��td�v#v{s*prlEjídkv{mqp�jmcndkl¥�.v¤youÀ�³}�m��~�Á¢ »Â¼Z¾EÃ ¿��jc|p�igy�dkv%�
i�mqj#�³yos%v�7kv%p�v{s%p�lEj�isc|prmky�prv�7 ¾q¼ D �¬uÄ��j�lEuÅ¸&v{j�u�c���yo��cedz�Dcnd�dkv2i�lopry�v#m�i#pYi#lEmqp�i
lo�¡Æ¡lÇ�EyonEv%j
}by2p
c�lhd&yo�&°Wyojm��0Oh�ikv��kjmc|u�y�j#���qi¬�<isc�s6i´nElxyo�&l���}�¦�§t¨ ceiOprl���lÈlk����loj´lki#s6c|����y2p
c�lhd�i�lo��prikvb§ÇÉ
�.v¤you cnd¬p�lw§2µ�yhd�7~pri¬m�i�prl�uwv{yhi�mkj#v,p�ikv,uRcH@fcndkn�yhdkno��vr³�Êâû10�¯ác­pri�yhdxp
cY5*dkv{mtprjmcndkl¹j�mfd�d�cedqn
}�¦�§t¨Hs¤yhd
y��ei�l�y/7�7kj#v6isi�prikv�u�yhisibi�c|v{j�yoj�s(ix��«Èmqv6i#pmc�lkdS0bh�ikv2i�v9cedx�ov6i#pmc�nxy2p
c�lhd�i��´lEmk�(7��.v
v6dqi&yhdks%v=7~�¬�wprikvrcndks{j#v¤yhi#v=7�dkv{mtprjmcndkl��.v¤you`cedxprv2d�imc­p®��y¤��yhc���yo�k�|v��jc­priËy�¸&v{j#uRc|��yo�w°Oj�lop�lkd
±�jmc­�Ev%j�prl�prikv�vA@Èprv6dxp¶pri&y2p¡uwv{yhi�mkj#v{u�v6dxp
i¡lo��2·°:�<c�lo��y�pmc�lkd�ced8dkv{mtprjmcndkl�lki#s6c��|��y�pmc�lkdfiWu�c�nEixp
�.v-7klhdkv��¬��}b¦,§È¨�0�¨37�7fc|p
c|lkd&yo��uwv{yhi�mqj�v{u�v6dxpmi�lo��Ì¹Í pû p yhd�7�imcnd p �h³ p û�yhd�7�i�v{yoj�s(iqv6ib��lEji#p�v{jsc���vudkv{mqp�jmcndklki�yoj#v�y��ei�l¹�kyoj#p�lo��y�}�¦�§t¨Î�kix�<imc|s6i��kj�lEnojryouz0

h�ikvC}�m��~�w�.v¤you �³yos6c|�ec­p®��i&yhi��.v{v6dý7kv2imc|nkdkv=7ª��lEjgy!�kj�lop�lkd�cedxp�v6d�isc|p®�Ïl���ÐzÑ ¼ D Êâû
�kj#loprlkdfiW�.v{j��kmk�ni�v¶v%�ov{j#� ¼ 0 º i#v{sOÒ�j�lomknEik�­��D)0ÓÐ��~¯_lo�&�.v¤youÔ�.lZ��v%j=0�h�iqv�}b¦,§È¨��kj#lE��lhiryo�
yhisi�mku�v6i�prifcei��.v{j��kmk�ni�v9cnd¬p�v6d�isc|p®���´lEmk�(7
�kj�l|7kmks%v�yo�k�kj#l1@#c|u�y�p�v{�­��ÐgÑ ¼ Dhp®Õ,�kj#loprlkdfi���v%j
�Ev{yojwyhd�7�yhimi#mkuwv2iwÖ
�ov¤yojsiwlo�37&y�pry
pryh�Ìcedkn)0�}�¦�§t¨Ä��lEmq��7N��vË��lÈs¤y2prv=7Ul�£<5®y?@#cei�prlzpriqv
}�m&�����.v¤y�uw�ncedkv�prlgpryh�ov�y/7t�oyod¬pryonEv�l��¶p�ikv�yhdkno��vR5×v6dkv%j�no�~j#v{��y2p
c�lhd�i�i�c|��Ø&jsi#p��.lkcedxp�v=7�lEmtp
��lEj,vR@t�.v{jmc|uwv2dxp���5 ¾o¾Eº y�p¥Ù�j#ltlk�¬i&y¤�ov6d�}by2p
c�lhd&yo�¡Ú�yo�.lEjry�p�lEj#� »½¼ Ð ¼ ¿�0Ë¨·p ¼ ���¬uÛlo£�5�y?@#cei
�Üy���lEmtp ¼ Ö�uwj�y/7�¢*�Èprikv�vA@q�.v{jsc�u�v6dxp��´lEmk��7�i�v%v¥y9dkv{yoj��­�gu�lkdkl�5×v6dkv%j�nEv*p
c|sr��Ý�v*ÆÕdqv{mqp�jmcedql
�.v¤you7�jc­pri�y��jc(7qpri:�Ü¸Þ¯Tß���¢�lo�Oy���lEmtpbD;0áà�Ý�v%Æ��.yhiji#iklZ�jdØcedËØ&nEmkj#v�¨�0 ¼ 0�h�ikv��³yojÁprikv%j
lo£zyi@fcni·prikv>7kv*prv%s%prlojLcni��k��y�s{v=7â�qprikv��|lÇ�´v{j·p�ikv���v{yh� dqv{mqp�jmcedql�v2dkv{j#no��0

h�ikvw}�¦�§t¨ 7kv%p�v{s%p�lEjrcei�lE�tp
c�u�c�ã%v=7�p�l~Ø�d)7!§Çµ�s(i&yoj�nov=7Cs{mkj#j�v6dxp�v%�ov6dxp
i�c�7kv2d¬pmc|Ø&v�7z�¬�
priqv��kj�v2i�v2dks{v�lo�´yhd
v%��v{s*prj#lkdØced�prikv�Ø�dkyo��iÁp(y�p�v/0�h�ikv¹vR@t�.v{jsc�u�v6dxp(yo�Þ�&yos��¬nEj#lEm�d�7fi�prlgpriqv
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äqåçæ%èÇé	ê�ë¡ìîí*ï¬ð.ñ*ê#ò%óqé	ô0óÜê�õtô0óqñ(ô0é	åîö*è2õtö>Þ�ô(÷Zåáõtô*òÇæ*øîê#õtùLåçóÜú�éÜê�õ³ûoê#ü�óÈóÜöWóÜú2êâýÞè2þYÛÈÿoê#ô��·øçåîòÇê � � ö%éqóÜúÇê��·ê��Zåîè��êÁò2êÁé	æ���ü�ö%ò
	2æ%èÇé	ô0óÜåîö*ò¬ì

§ÇÉ�� §Çµblki#s6c|����y2p
c�lhd\imc�nhd&yo�ei�yojscei#v���j�louÄp®�´lgnEv2dkv{j�yo��i#lEmkj#s{v6i�0�h�ikv%j�v¹yoj#v¥nEv2d¬m�cedkv¥v%�Ev2dxp
i
�jc|p�iËv{��v%s%p�j�lkd�i�j#v6i#mk�|pmcedkn���j#lEu p�ikvrcedxprjsced�isc�s�§Çµ�s{lEu���lhdkv6dxpjcedgp�ikv���v{you�yhd)7Ë��j#lEu àz7kvA5
s¤y¤�<ib�qj�l|7kmks{v�7Tcnd~p�ikv�s(ikyoj�nEv�7�s{mqj�j�v2dxp�§_Ölcedxp�v{jry�s%p
c|lkd�i·��j#lEuÀ§ÇÉ
� §»Ö�lki�s2c��|��y�pmc�lkd�i�0¡h�ikv
§»Öb�&yos��¬nEj#lEm�d�7\cni´�Ev%j#�Ri�uwyo���4cndg}�¦�§t¨|imcedqs{vbu�lkiÁp·lo��p�ikv�§ZÉ��&m|@acni��.v{��lZ�Bàg�kj�l|7kmks*p
c�lhd
priqj�v6i#iklE�(7�0�h�ikv�i#v{s%lkd�7Ë�&yos��¬nEj#lEm�d�7\i#lEmkj�s%v6i�yoj#v��.loprv2d¬pmc�yo�|�|�¹u�ceisc�7kv2dxp
c|Økv=7w}�v{mtprjry��£2�mkj65
j�v2dxp��Ü}32�¢¶v*�Ev6dxpmi�lEj�i�c|nEi���§ZÉ�2�2Ïv*�Ev6dxpmi·��ikv{j#v�lkdkv�lEj´u�lEj#v©dkv%mqprj�yo�.��c�lkdfi�ced�prikv�Ø�d&yo�
i#pry�prv�uwyhi�«¬mkv%jry/7qv�yhi�yhd:v{��v%s%p�j�lkdClEj{���|v6imi,�ecn�ov%�|�E�Lp�i&y�p�y~iky/7kj�lhdäcni�u�ceisc�7kv2d¬pmc|Ø&v�7zyhi�yhd
v{�|v{s*prj�lhd�0�¯ ikv2d�s{lEu��&yoj#v=7�p�l¥prikvblkd;5�yi@fcni´�.v¤y�u��¬prikvblo£<5®y?@#cei¶s{lkdtØ&nEmkj�y�p
c|lkd�j#v=7kmks%v6i·p�ikv
i�c|nEi�v6dkv%j�no��p(yhc|�âlo�Þprikvrdkv%mqprjscedkl��.v¤you~�t��ifc�s(i~j�v=7qmks{v2i�p�ikv6i#v�}32 yhd)7�§_Ö��kyos��¬nEj�lEmfd�7�i=0

h�ikv�}b¦,§È¨�7kv*prv{s*prlEj47kv6isc�nkdacni�y���lZ���~prj�yos��Ìcedkn¥s¤yo�|lEjmc|uwv*prv{jO�kyhi�v�7�lkd��nc�«¬m�c�7�i�s2cedxp
c|�Y5
��y2prlEj�s{lhd¬pryhcedqv=7ØcndØi�v%nEuwv2dxprv=7
�q��yhiÁp
c�s,vR@Èp�j�m�isc�lkd�i�0b¯�yZ�ov{�|v6dknop�iQi�i�c­� p
cndkn�Øk��v%jmi�yoj#v�m�i#v=7
prl,prj�yhd�i��.lEjÁp¶p�ikvb�nc�nEixp¡prl¥y¤�oy���yhdks(iqv��kiqloprl|7�c�l|7kv2ib��¨�°¡±�i(¢¡yhi¶prikv�j�v¤y�7klEmqp=0�¨Tp�lop(y��.uwyhisi
lo�í�EÖ �Ìc|��lop�lkd�iLceib�qj�lE�.lki�v�7 »½¼¤¾ �2¿­0�h�ikv9ced�7fc|�<c�7kmkyo�L�ec|«Èmfc�7Ti#s6cnd¬pmc��|��y�p�lEj�s{v%���eibyoj�v Ã 0 º s%u @
¼
� uÛprj�yhd�iÁ�Ev{jsi�v�prl�prikv\dkv%mqprjscedkl���v{you yod�7UÐ�0îÖ�s{uapri�c|s���yo�|lkdkn~prikvg�.v¤y�u 7�c|j�v%s%p
c|lkd�0
� v%«Èmqv6dxp
c�yo�¡�k��yhdqv6i,i&y¤�Ev�p�ikv ¼
� u©s{v%���`7�c�u�v6d�isc�lkdªcnd:priqvwiklojmc�ã%lkdxp(yo�Ü�Lprikv2d�prikv��Ev%j#p
c|s¤yo�
7�c|j�v{s*p
c|lkd����kj�lZ�<c�7fcedknX@�yod�7��~s{lÈlEj$7�cnd&y�p�v6i���loj�v*�Ev6dxpmi=0�h�ikv¹vR@Èp�j�m�7kv�7z°�ÆQ2Î�k��yhi#pmc�s�s{v%���ni
yoj#v���lxy�7kv=7g�jc­pri ¼ Ö�� p
c­p(yhdfc�mkuñ7�c|l1@#c(7kvb��lEj·noltl|7gj�v��&v{s*p
c­�#c­p®��l��Wp�ikvYi�s2cedxp
c|����y2prlEj¡�ec|nEixpG0Þ¨
��lÈlE�.v=7�D)0 ¾ u�u 7�c�you�v%p�v{j¶�·y¤�Ev%��v2dknopri�i�ifc|� p
cndkn�Øk��v%j�cei·�k��yos{v�7\ced�v{yos(i�prmk�.v��x����lE�(7�cedkn¥y
imcndknE�|v�Ø&�.v{j��&y�s���lkdªc|pmi�v{�­�´y�p�priqv�v2d�7zlo�´v¤yos(iCs{v%����0¥Ù�lop�i
v6d�7�i,lo�¡priqv�Ø&��v%j,yoj�v¹j#lEmqprv�7
prl~prikvRiryou�v�¨�°¡± ��cY@tv%�´yod�7!v%�ov{jÁ��s(i&yod�dkv{�¶�jc��|�Oi&y¤�Evg�kmq�ei�vwikv6c|nEixp;cndq��lEj#u�y�pmc�lkdS0�¨b�|5
�kj#l1@#c|u�y�p�v{�­�
ÐÌ���kiqloprlkdfi���v%j�u�ced�c|u�mku c|lkd�c|ãR5ucedkn��&yoj#pmc�s%��vwyoj�vgvA@t��v%s%prv�7Uprl�j#v¤yos(i!p�ikv
¨�°¡±H��j#lEu�prikv,�³yojbv2d�7
lo�Opriqv¥��lhdkn�s%v{���ni�yhd)7�prikv¥¨�°¡±H��lomk��7��.v¥j#m�dzy�p�y�nxyhcnd�lo� ¼ DED
�jc|p�i�y,«¬m&yhdxprmku v�Èws2c�v2dks%��lo� ¾ Ö��
0�°Wv%�|pmc�v{j¡s%ltlE�ncedknrcni¶mfi�v=7wprl¥j#v=7kmqs{v�p�ikvucndxprjmcnd�imc|s�¨�°¡±
dklkcni�vYi#lwpriky�p�y�isc�nkdkyo�âprl�dklkcni�v���v*�Ev%�LnEj�v{y�prv%j�p�i&yhd ¼ D9cei�yos(i�c|v%�ov=7�0´h�ikv-7qv%prv%s%p�lEjjcei ¾ Ö��
i�s2cedxp
c|����y�prlEj.Ê ¼ Ö��Ô°�ÆQ2Nyhd)7lcei�prikv%j�v*��lEj�v�dqv¤yoj#�|����prlopryo���­��yos*p
c|�ov��R0Wh·�´l��<c�v*�ji�lo��y�p®�È��c|s¤yo�
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äqåçæ%èÇé	ê�ë¶ì �Çï¬ë � ����� ê#ñ*êÁò{óLåîò�ó	úÇê¡ý � � ë!�Çê�óÜê�ü®ó	ö*é � � � Ç�" �$# Ç�%'&uÇ)(+*OùLåçóÜú-,/.10zí�2 �'3�41%65�ì87�ú2êêÁñ%êÁò{óWåáõ��Zåáõ³ûÇøáô6�*ê9��è2õÜåçòÇæ�ö*òÇø:��óÜú2ê¶åîò;�ZåáüÁô(ó	ê���ü�ö*øîö*é�ü�ö
�Zê´óÜöbõ³úÇö(ù�ó	úÇê�éÜê#øîô0óÜåîñ*ê¡ûÇè2øîõÜê´ú2êÁåîæ*ú{ó#ì17�úÇê=<?>/@ñ¤åçê#ù~ö%ò�ó	ö*û�ô0ò;��óÜú2ê�A/>B@�ñ¤åîêÁù~ö%òbóÜúÇê�ÿoö0ó³ó	ö���ì87�úÇê¡õ	üÁô*øçê�èÇòÇåçó	õ�ô*éÜê�ò¤è��´ÿ�ê#é	õâö � ü�ê#øçøáõ#ì

v%�ov6dxprced�prikv¹}b¦�§t¨ 7kv%p�v{s*prlEj�y�j�vli#iklZ�jdQced
¸�c|nEmkj#v¥¨P5 ¼ 0��td�7fc|�<c�7kmkyo�Lprjry�s��<iYcnd�priqv¥Ø�d&yo�
i#pry�prv�s{yhdË��v�s{�|v¤yoj#�|�Ri�v%�&yojry2prv=7Ë��j�lou7v¤y�s(i�lop�ikv{j"7kmqv�p�l¹prikv�prj�yhd�iÁ�Ev{jsi�v�i�v%nEuwv2dxp(y�pmc�lkd�0

�O��v{s*prj#lkd�i\ced }b¦�§t¨Ûyoj�v{7fcei#pmcedknom�cei#ikv=7���j#lEu i&y/7kj#lkd�iËyhd�7ªu¥mklkd�i��x�ªyUnEv2dkv{j�yo���­�
�kj#lxy/7kv%j~�ky�p�p�v{jmd lo��ifc|p
i~yo�|lkdknUpriqvCp�jryos��Ï��lEjËv%��v{s*prj#lkd�iz7kmkvzprl�prikvCv{�|v{s%p�j�lkd i�iqlÇ�´v{j�0
h�i¬m�i�§2µ�s(ikyoj�nEv�7zs{mkj#j�v6dxp���2�2�¢bv*�Ev2d¬pmi¥y�j�v¹«¬m�c|p�v�v¤yoimc��­�Ti#v{�&y�jry�p�v=7
��j�lEue§ÇÉt2�2<v%�ov6dxp
i�0
�O��v%s%prj#lkd�i�yoj#vX7�ceiÁp
cedqnEm�cei#ikv=7���j�lEuDCLÕ
EÆi��x�zy�Ø�d�c­prvli#v{�&y�jry�pmc�lkd
�.v%p®�´v{v2d�prikv��ov{jÁprvR@:yod�7
priqv�s{lkdx�ov{jmisc�lkd �.lkcedxpmi�lo��p�ikv��kikl�prlkd�iw��j�lEu@priqvFCLÕ10 h�i�cnig�kj�lo��v%j#p®�Ícei�mfi�v=7ªp�l!ikv{�|�
j�v%uwlZ�ov�}E2N�&yos��¬nEj�lom�d�7�i�0¶h�iqvb�kj#lE��lhi�v=7*7kv%p�v{s*prlEj¶i&yhi´nEltl|7�v6dkv%j�no��j�v2i�lE�|mqp
c|lkd�lo��yo�.lEmqp
¼ D+�8�oi#«¬j#pÇ�³�¶¢���loj�§Çµ�2�2 v%�ov6dxp
i�yhd�7�pri�cni�j�v6i#lE��mtp
c�lhdUs¤yhd���vËm�i#v=7�p�l:j#v{u�lZ�Ev~}E27yod�7
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sin2(2θ13) vs. P(ν̄e) for P(νe) = 0.02
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BNL-HS  2540 km
sin22θij (12,23,13) = 0.86/1.0/0.04
∆mij

2 (21,32) = 7.3e-5/2.5e-3 eV2

1 MW, 0.5 MT, 5e7 sec

CP 135o: 591 evts
CP 45o: 450  evts
CP -45o: 299  evts
Tot Backg.: 146 evts
νe Backg.: 70 evts
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FNAL-HS  1290 km
sin22θij (12,23,13) = 0.86/1.0/0.04
∆mij

2 (21,32) = 7.3e-5/2.5e-3 eV2

1 MW, 0.5 MT, 5e7 sec

CP 135o: 1711 evts
CP 45o: 1543  evts
CP -45o: 1114  evts

Tot Backg.: 566 evts
νe Backg.: 272 evts

Anti-νe APPEARANCE
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BNL-HS  2540 km
sin22θij (12,23,13) = 0.86/1.0/0.04
∆mij

2 (21,32) = 7.3e-5/2.5e-3 eV2

2 MW, 0.5 MT, 5e7 sec

CP -45o: 422 evts

CP 45o: 357  evts

CP 135o: 263 evts

Tot Backg.: 151 evts

anti-νe Backg.: 82 evts

Bck and sig. including wrong-sign

Anti-νe APPEARANCE

0

50

100

150

200

250

0 1 2 3 4 5 6 7 8 9 10

Reconstructed ν Energy (GeV)

E
ve

n
ts

/b
in FNAL-HS  1290 km

sin22θij (12,23,13) = 0.86/1.0/0.04
∆mij

2 (21,32) = 7.3e-5/2.5e-3 eV2

2 MW, 0.5 MT, 5e7 sec, anti-nu

CP -45o: 1349 evts
CP 45o: 1097  evts
CP 135o: 991 evts
Tot Backg.: 616 evts
anti-νe Backg.: 344 evts
Bck and sig. including wrong-sign
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�.v¤you���i�è|s(i���è��|�Þ�.v���mq���|�gs{lEu�udè¼ê9ê�è�l�çkv�&��x� í DED ¾ ��h�ikv í �~¯Î� ¾ Ý�v*Æ���¸�}�¨bÚU°Oj�lop�l�ç
±�j9è­�Ev%j¥s{lomk�'&Uy��ëê�l���vwm�ê�v�&�yvê¹yaçUv%�ov�ç�u�lEj�vw��lZ�´v{j#��mq�=ê�lomkj�s%vglo�Jê#p�lE�k�.v &U��è|l�ç�ê »Â¼Zº�� ¿D�
h�ikv'ê�v�p®��lÅê�lomkj�s%v�ê,yoj�v¹s%lEu��&yoj�v�&éèëç
hWyo�k��v¥¨A� í ��i¦è�s(iéê�iklZ��ê�pri&y2p�yË°¡j#loprlaçz±�j9è|�ov{j�y2p
¸�}�¨�Úg��lomk�'&¹�kj#lZ�Iè,&kv í �áÖ�p9è�u�v�êÞprikv�çqv{mqp�j9èëçqlbjry2prv·lo�.y¡ê�lEmkj#s{v�y�pWprikv � } � �oÙ�v�ê�è'&kv'ê��.v¤you
�.lÇ�´v{j%�qpriqv�°Oj�lop�l�ç�±�j9è­�Ev%j´�´lEmk�'&�i&y¤�Ev�priqvKê9è|n�ç�è|Øks¤yaçxp�y	&q��yaçxp(yonovblo�Þy¥pryoj�nEv*p�p�i&y�p·s%lEmk�,&
�.v,lo�qp6è|udè¼ê�v &w��lEj�çkv{mtprj9è¼çkl¹�kj#l+&kmqs%p6è|l�ç�jry2prikv%j·pri&yaçñçkv%mqprj#l�ç�ê��&m+"I�

�mçÏyJ&kv{s{y¤��y2pwj#v�êÁpþê#lEmkj�s%v~p�ikv~��è�l�ç¦êwy�j�vË�kj�l�&kmks%v &��¬��j#m�ç�ç�è¼çkn
prikv~�kj#loprl�çN�.v¤you
èëçxp�l�yË�ëè|nEixp�p(yoj#nEv%pqê�mqs(iUyaê,��v%j#�È���¼è�mkuÅlEj�s¤yoj#��l�ç:yaç�&Cprikv'ç�êÁprlE�k�¦èëçknËprikv%uÈèëç:y�ikv{y¤�È�
yo��ê#lEj��.v{j��³v%�çn=�g��v{y	&:loj�p�m�çkn�êÁprv'ç�¢���h�ikvK&klEu�èëçky�prv/&kv%s¤y¤� ê�s(ikv%uwvw�kj�l�&kmks'èëçknÅçkv%mqprj�èëçklaê
��j�lou y)ê#p�lE�k�.v &~��è�l�ç¸ê#lEmkj#s{vqèëê

CMLp� NML�§ZÉ=O PRQ ía�.SMTVU j �³¨7� ¼ ¢
��lE�|��lZ��v�&��x�

NMLñ� U L�W§ÇÉo§2µ�O PXQ íº_ í N TVU j _ �³¨7� í ¢
h�ikv�çkv{mtprj9è¼çkl�êÞ��j�lEuÎê#p�lE�k�.v &)CZY?E�ê¡yoj�v�i�è�nEiq�|�qê�mk�q�kj�v'ê9ê�v�&w�.v{s{yom�ê#v�p�ikv�çkv%nxy�p9è|�Ev��¦è�l�ç�ê

yoj#v�yo�|uwl�êÁp�s{lEu��k��v*prv%�|�Ëyo�¦ê�lEj#��v�&Ãèëç~prikv�ê�mkj#j�lEm�ç=&�èëçknwu�y2prv{j�è�yo��yvç�&Ãçklop�n�è­�Ev�ç�y�s(i&yaçks%v
prl[&qv{s¤y¤�	�O¸ è�nomkj�v´¨A� ¾ ê�iklZ��êOprikv�çqv{mqp�j9èëçqlKê��.v{s*prjry�yaç=&�p9è�u�èëçkn��k�|lop6êÞ��j�lEuRyKê#p�lE�k�.v &���è�laç
ê�lomkj�s%v�y�p�prikv � } � �.¨¡êoê#iklZ��ç!èëçËprikv�j9è�noi¬p�i&yvç�&��k�|lop¤�&p�ikv¹§ZÉwv'çkv{j#no�ñèëê�uwlaçkltv'çkv{j#nEv%p9è�s
�]\.^
_[Q íoº¦_ç¾ ��v%Æ�¢*�E��i�è|��v´p�ikv/W§a`�bgyvç�&w§2µ�i&y¤�ovc-SçklZ��ç��pè�s(iqv{��&kv%s¤y¤�/&�è¼ê#p�j9è��qmqp6è|l�ç�ê{�2��è|p�i
yaç!v'ç�&U�.l�èëçxp�v�çkv%j�no��lo��Ö í � ¾ ��v*Æ(�Wh�ikvg��v*� p�i&yvç�&!�k�|lopXê#iklZ��ê�prikv � } � �.v¤you©p9è�u�èëçkn
��p�ikv¹p6è|udè¼çkngy�p,yË¸�}�¨�Ú�°¡j#loprlaç:±�j�è|�ov{j��´lEmk�'&z�.v�ê9è�u�è���yoj(¢�yaç=&Cp�ikv¹p6è�u�vA&¦èëê#p�j9è|�kmqp6è|l�ç�ê
��lEjbp�ikv�priqj�v{v�çkv%mqprj�èëçkl¸ê#��v%s�è|v�ê �¥h�ikv)ê�ikloj#p$&kmqp®���³yos%p�lEj�v�çkyo�k��v'ê�yìê9è|uw�k�|v�p9è�u�èëçkndê�v{�|v{s#*
p6è|l�ç�lo�Ôçkv%mqprj�èëçklgv*�Ev'ç¬p9ê¥y2� prv{j�p�ikv¹�.v¤you���¨ �³yvè�j��­�Ë�kmkj#v�§a`�b ê�youw�q��vo����è|pri
laçk�|��y ¼ ÐS�
s{laç¬pryou�èëç&y�p9è�l�çwlo�Wv¤yos(iñçkv{mtprj9è¼çkl¹p®�È��vdW§a`�b�yvç�&�§2µ�s¤yvç��.v�yos(i�è|v%�Ev�&Fè¼çgpri�è¼ê·�·y¤�e�

h�ikv � } � lojw¸�}�¨�Ú0*®°¶±Dê#p�lE�k�.v &��¦è�l�ç��2u�mkl�ç ê�lomkj�s%v���è��|�·�kj#lÇ�ºè,&kv��Ev{jÁ��i¦è�nEi �Üyvç�&
�kj#v{s�è¼ê�v%�|�f-SçklZ��ç�¢K�&m+"tv�ê,lo�=çkv{mqp�j9è¼çkl�ê���j�lou C L yaç�&gN L &kv{s{yZ�Cy2p�j#v�êÁp,��è­pri:yg�Ev{jÁ�C��lZ�
&kmqp®���³yos*prlEj¡��lEj¡s{laê�u�è�s�*×jry¤��ê�mq�k�kj�v'ê9ê�è�l�çh��¸�mqj#priqv{j�u�lEj#vo�xprikv�l�ê�s'è��|��y�p9è�l�ç
ê�è�n�çkyo�ëê¶yoj#v�v{yaê9è|�|�
è'&qv�çxp6è­Ø�yo�k�|v���è|p�iN�´v{�|�i*
-SçklZ��ç�s{j#l�ê9ê�ê�v%s%p9è�l�ç�ê%�·yaç=&Np�ikv��kyos�-¬nEj�lEm¦ç�&�êwyoj�vË«¬m�è|p�vË��lZ���Ôê#l
priky�pwyaç�Ú � }�±Dê�è�n�çkyo��y�pKj _çÃ v*Æk�Z�¶��lEj�v�"qyou��k��v��¡�´lEmk�,&�ikyZ�ov�yéê9è|n�ç&yo��p�l:�kyos�-¬nEj�lEm¦ç�&
nEj#v¤y�p�v{j�pri&yaç ¼ j~p�l ¼ �~Ù´�Cs{lo�¬�ºè¼çkn�p�ikv��pè¼ç�è�Ù´ltlx}��l&kv*prv%s%prlojA&kv'ê9è�naç »½¼
í ¿¡��è|pri:l�çk�­�zy
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ê�v{yoj�s(iË��lEj�êÁprv{j�è��|vKçkv{mtprj9è¼çkl�ê·�ºè�y¥p�ikv�çkv{mtprjry��i*®s%mkj�j#v�çxp�j#v¤yos*p6è�laç�§Vm Ê ��n � §am Ê �#npoÇ� ¼ Ö _|¼o¼ ¢��
h�ikvw�kj�v%s�èëê#vR&�è¼ê#pryaçks{v�lo�·p�ikvR&qv%prv%s%p�lEj���j#lEueprikvdê�lEmqj�s{vq&kv{�.v�ç=&�ê�l�çCprikv��oy���mkv�lo��Ì¹Í �
&kv*prv{j#udè¼çkv &��¬���pèëç¦è�Ù�lÈlx}b��OtÌ¹Í � f ¼ v%Æ � ��lEmq�'&¸ê�mqnEnEv�êÁp�y(&�èëêÁp(yaçqs{v�lo� f � j�u~�t��i¦è���v
Ì¹Í � frj _çÃ v%Æ � ��lEmq�'&¸ê�mqnEnEv�êÁp�y(&�èëêÁp(yaçqs{v�lo� f í jej�us�O¨·p·p�ikv � } � p�ikv[&kv*prv{s*prlEj�s{lEmk�,&
çklop·��v��k��yos{v�&Ës{��laê�v{j·p�i&yaç � j�u~�t��i�è|��vb��loj·prikv�¸�}�¨�Ú0*�°¡±��Èprikv%j�v�èëê�çql�ê#mks(i~s{l�ç�êÁprj�yaèëçxp¤�
��è|p�i;&�è¼ê#pryaçks{v'êbyvêbs{�|l�ê�v�yaê ¼ jwuÄ�.l�ê9ê�è��k�|vo�&��i�è�s(i�yo���|lZ� ��lEj�i�è�noikv{j�Ì¹Í@� ê�v'ç�ê9è­p6è|�ºè­p®��mk�
prl ¼ j¹v*Æ � �
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